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DESCRIPTION 

PIPE OR TUBE REDUCING MILL AND ROLL FOR REDUCING MILL 

5 TECHNICAL FIELD 

The present invention relates to tube reducing mills, and more 
particularly, to a pipe or tube reducing mill (hereinafter as reducing mill) 
including a plurality of stands disposed along a rolling direction line 
through which pipes or tubes stream. 

10 

BACKGROUND ART 

A reducing mill such as a sizer and a stretch reducer is used for 
rolling a tube so that the tube has a prescribed outer size. Known types of 
reducing mills include a two-roll reducing mill including a plurality of 
15 stands each having two rolls, a three-roll reducing mill, and a four-roll 
reducing mill. 

Such a reducing mill t3T>ically includes a plurality of stands 
disposed along a rolling direction line. Each of the stands includes a 
plurality of rolls having grooves that define a pass shape. For example, in 

20 the three-roll reducing mill, three rolls are disposed at equal intervals 
around the rolling direction line and shifted by 60' around the rolling 
direction line fi'om those included in the preceding stand. This is for the 
purpose of equalizing as much as possible the distribution of radial stress 
exerted on the outer circumference of a pipe or tube (hereinafter as tube) in 

25 the process of rolling. 

Each of the stands in the four-roll reducing mill includes four rolls 
having grooves that define a pass shape. The four rolls are disposed at 
equal intervals around the rolUng direction line and shifted by 45° around 
the rolling direction line from those in the preceding stand. 

30 In general, the each grooved roll included in each of the stands in 

the reducing mill has an arch shape in cross section. As shown in Fig. 1, 
the grooved roll 200 in a three -roll reducing mill has an arc shape of the 
radius Rl in cross section, which has its center GC on an extension of a 
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segment on the side of the rolling direction line RA that connects the groove 
bottom GB and the rolling direction Une RA. The radius Rl is longer than 
the distance DB between the groove bottom GB and the rolling direction 
line RA, so that the distance between the rolling direction Une RA and the 
5 inner surface of the groove is shortest at DB and longest at DE that 
connects the rolling direction line RA and the groove edge GE. In short, 
the groove of the roll 200 has an approximately elUptical arc shape whose 
minor semi-axis equals DB. 

By using the rolls 200, the reduction per stand can be increased. 

10 Furthermore, a gap is formed between the outer surface of the tube in the 
process of rolling and the groove edge GE of the roll 200, and therefore 
overfilling at the roll gap can be prevented, which can prevent roll edge 
marks on the outer surface of the tube. 

By using the rolls 200, however, large radial stress is exerted on the 

15 part of the tube that contacts the bottom of the rolls 200. The distribution 
of the radial stress during rolling is unequal at the outer circumference of 
the tube, and the amount of deformation in the radial direction is unequal. 
The unequal radial deformation results in so-called "polygon formation." 
More specifically, as shown in Fig. 2, the shape of the inner surface of the 

20 rolled tube is not circular but hexagonal in cross section. 

In order to prevent the polygon formation, the distribution of the 
radial stress exerted on the tube in the process of rolling should be equal. 
In order to allow the radial stress to be distributed equally, the pass shape 
profile formed by three rolls should be approximated to a perfect circle. 

25 More specifically, the center GC of the arc of the grooved roll 200 should be 
closer to the rolling direction line RA. 

However, when the center GC of the grooved roll 200 is positioned 
closer to the rolling direction line RA, the gap between the outer 
circumference of the tube in the process of rolling and the groove edge GE of 

30 the roll 200 is reduced. Therefore, overfilling is more easily generated. 
During rolling, the load exerted on the part of the tube that contacts with 
the part of the groove surface in the vicinity of the edge GE increases, 
which is more likely to cause roll edge marks at the part of the tube. More 



specifically, string- shaped flaws are generated in the longitudinal direction 
of the tube. 

As described above, during rolling the tube, it was difficult to 
prevent both the polygon formation and the roll edge marks and improve 
5 the quality of the tube. 

JP 6-238308 A and JP 6-210318 A disclose countermeasures to 
improve the quality of the tube by rolUng with three or more rolls. 

A method of rolling with rolls 300 shown in Fig. 3 is disclosed by JP 
6-238308 A. The groove bottom 301 of the roll 300 in Fig. 3 has an arc 

10 shape in cross sectional whose radius is Rl and its center GCl is positioned 
on an extension of a segment on the side of the rolling direction line RA that 
connects the bottom center GB and the rolling direction line RA. A roll 
flange portion 302 positioned between the bottom 301 and the groove edge 
GE is in an arc shape whose radius R2 is larger than the radius Rl and its 

15 center GC2 is positioned on an extension on the side of the center GCl of a 
segment connecting the end 303 of the bottom 301 and the center GCl. 
The radius R2 is larger than the distance DB between the bottom center GB 
in the grooved roll 300 in the preceding stand and the rolling direction line 
RA. According to the disclosure, by using the rolls 300 for rolling, polygon 

20 formation and roll edge marks can be prevented. 

However, the center GCl of the arc of the groove bottom 301 of the 
roll 300 is positioned on an extension of a segment on the side of rolling 
direction line RA connecting the bottom center GB and the rolling direction 
line RA. In short, the grooved roll 300 has an approximately elliptical arc 

25 shape whose minor semi-axis equals the distance DB between the rolling 
direction line RA and the bottom center GB. Therefore, the distribution of 
radial stress exerted upon the outer circumference of the tube in the process 
of rolling is not equal and polygon formation could not sufficiently be 
suppressed. 

30 Meanwhile, JP 6-210318 A discloses a method of rolling using a 

four-roll reducing mill. According to the disclosure, the radius of curvature 
of the part of the roll for use in the vicinity of the groove edge is larger than 
the radius of curvature of the groove bottom, and smaller than the radius of 
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curvature of the groove bottom of the roll in the preceding stand, so that 
polygon formation can be prevented. 

However, the use of such rolls can prevent the polygon formation 
while roll edge marks are more likely to be caused. Since the distance 
5 between the groove edge of the roll and the rolUng direction line is shorter 
than the outer radius of the tube on the stand inlet side, so that overfilling 
is more Ukely to be caused, and the load exerted on the part of the tube in 
contact with the part of the groove surface in the vicinity of the groove edge 
is large. 

10 

DISCLOSURE OF THE INVENTION 

It is an object of the invention to provide a pipe or tube reducing 
mill that allows both polygon formation and roll edge marks to be 
suppressed. 

15 A reducing mill according to the invention includes a pluraUty of 

stands disposed along a rolling direction line, in which a pipe or tube is 
rolled through the plurality of stands along the rolling direction line. The 
stands each include n rolls (n>3) disposed around the rolling direction line, 
and the n rolls are disposed shifted by 180°/n around the rolling direction 

20 line fi'om n rolls included in a preceding stand. The n rolls included in 
each of the plurality of stands excluding the last stand each have a groove 
having an arch shape in cross section. The bottom of the groove has a 
circular arc shape around the rolling direction Une having a first radius in 
cross section, and the distance between the surface of a roll flange portion 

25 positioned between the bottom and the edge of the groove and the rolling 
direction line is longer than the first radius, and the distance between the 
edge of the groove and the rolling direction line is longer than the first 
radius in the groove of a roll included in the preceding stand. 

In the reducing mill according to the invention, the bottom of the 

30 groove of each of the rolls in each stand has a circular arc shape around the 
rolling direction Hne, and therefore the distribution of radial stress exerted 
on the part of the tube in contact with the bottom of the groove during the 
rolling process is substantially equal. Consequently, uneven thickness in 
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the radial direction of the tube can be suppressed, and polygon formation 
can be suppressed at the rolled tube. 

The distance between the surface of the roll flange portion and the 
rolling direction line is longer than the first radius. Therefore, as 
5 compared to the case in which the entire groove of the roll is in a circular 
arc shape around the rolling direction line, the load exerted on the tube in 
contact with the roll flange portion can be reduced. The distance between 
the edge of the groove and the rolling direction Une is longer than the first 
radius in the groove of each of the rolls included in the preceding stand, and 
10 therefore a gap is formed between the outer circumference of the tube on 
the inlet side of the stand and the edge of the groove. Therefore, 
overfilling is unUkely to be generated. In this way, roll edge marks can be 
suppressed. 

The roll flange portion of the groove of the roll preferably has an 
15 arch shape in cross section. 

In this way, the roll flange portion has an arch shape in cross 
section, and the part of the tube inserted through the pass shape formed by 
the grooves of the rolls in contact with the roll flange portion has an arch 
shape. Therefore, the shape of the tube in cross section is closer to a 
20 perfect circle, so that the outer diameter size precision of the rolled tube 
improves. 

In cross section of the groove of the roll, a tangent on an end of the 
bottom preferably matches a tangent on an end of the roll flange portion on 
the side of the bottom. 

25 In this way, the bottom of the groove and the roll flange portion are 

formed smoothly connected, and therefore the part of the tube in contact 
with the boundary between the bottom and the roll flange portion are 
smoothly formed without irregularities during rolling process. 

The roll flange portion of the groove of the roll preferably has a 

30 circular arc having a second radius larger than the first radius in cross 
section. 

In this way, the shape of the rolled tube is closer to that of a perfect 
circle. Therefore, the outer diameter size precision of the rolled tube 
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improves. 

The roll flange portion of the groove of the roll preferably has a 
straight shape in cross section. 

Preferably, the number n of rolls in each stand equals 3 and the 
5 circular arc of the bottom of the groove of each of the rolls has a central 
angle of at least 50°. 

When each stand has three rolls, and the arc of the bottom of the 
groove of each of the rolls has a central angle of at least 50°, the distribution 
of rolling stress exerted on the outer circumference of the tube is during 
10 rolling process unlikely to be uneven. Therefore, polygon formation can 
more effectively be suppressed. The condition is particularly effective 
applied to the case in which a tube having a large ratio of thickness/ outer 
diameter is rolled. 

Preferably, the number n of rolls in each stand equals 4, and the 
15 circular arc of the groove of each of the rolls has a central angle of at least 
36°. 

When each stand has four rolls, and the arc of the groove bottom of 
each of the rolls has a central angle of at least 36% the distribution of rolling 
stress exerted on the outer circumference of the tube during the rolling 
20 process is unlikely to be uneven. Therefore, polygon formation can more 
effectively be suppressed. The condition is particularly effectively apphed 
to the case in which a tube having a large thickness is rolled. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Fig. 1 is a cross sectional view of a roll included in a conventional 

three-roll reducing mill; 

Fig. 2 is a cross sectional view of a tube having polygon formation; 

Fig. 3 is a cross sectional view of a conventional roll different from 
the roll shown in Fig. i; 
30 Fig. 4 is a side view of a three roU reducing mill according to an 

embodiment of the invention; 

Fig. 5 is a front view of a stand in the reducing mill shown in Fig. 4; 

Fig. 6 is a front view of a stand in the stage succeeding the stand 
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shown in Fig. 5? 

Fig. 7 is a schematic view of the process of rolling a tube using the 
reducing mill shown in Fig. 41 

Fig. 8 is a cross sectional view of a roll included in the stands shown 
5 in Figs. 5 and 61 

Fig. 9 is a schematic view for use in illustrating the positional 
relation among the grooves of rolls in each of adjacent stands! 

Fig. 10 is a cross sectional view of the groove of a roll different from 
the groove of the roll shown in Fig. 8; 
10 Fig. 11 is a cross sectional view of the groove of another roll 

different from the groove of the rolls shown in Figs. 8 and lOJ 

Fig. 12 is a sectional view of the groove of a further roll different 
from the rolls shown in Figs. 8, 10, and 11; 

Fig. 13 is a front view of a stand included in a four-roll reducing mill 
15 according to an embodiment of the invention; 

Fig. 14 is a front view of a stand in the stage succeeding the stand 
shown in Fig. 135 

Fig. 15 is a cross sectional view of the groove of a roll included in the 
stand shown in Figs. 13 and 14; 
20 Fig. 16 is a cross sectional view of a roll used according to Example 

2; 

Fig. 17 is a cross sectional view of a roll different from the roll 
shown in Fig. 16; and 

Fig. 18 is a schematic view for use in illustrating a method of 
25 measuring polygon formation in Example 2. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Now, embodiments of the invention will be described in detail with 

reference to the accompanying drawings, in which the same or 
30 corresponding portions are denoted by the same reference characters and 

their description will equally apply. 

Referring to Figs. 4 to 6, the three-roll reducing mill includes a 

plurality of stands STl to STm (m^ natural number) disposed along the 
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rolling direction line RA. The stands STl to STm each include three rolls 
11 disposed in the positions shifted by 120° from one another around the 
rolling direction line RA. The roll 11 has a groove 20 in an arch shape in 
cross section, and the grooves 20 of the three rolls 11 form a pass shape PA. 
5 As shown in Figs. 5 and 6, the three rolls 11 included in the stand 

STi (i- 2 to m) are disposed shifted by 60** around the rolling direction line 
RAfrom the three rolls 11 included in the preceding stand STi-1. 

Three rolls in each stand are connected to one another by a bevel 
gear that is not shown and one of the three rolls 11 is rotated by a motor 

10 (not shown), so that all the rolls 11 is rotated. 

The cross sectional area of the pass shape PA formed by the three 
rolls 11 in each stand is smaller for stands in later stages. Stated 
differently, the cross sectional area of the pass shape PA is largest in the 
stand STl and smallest in the last stand STm. As shown in Fig. 7, the 

15 tube is rolled through from the stands STl to STm along the rolling 
direction line RA. 

The rolls 11 included in the stands STl to STm-1 excluding the last 
stand STm each have a groove 20 as shown in Fig. 8. The groove 20 of a 
roll is in an arch shape in cross section. 

20 The bottom 21 of the groove 20 of the roll 11 in cross section has a 

circular arc having a radius Rl around the roUing direction Une RA. Since 
the shape of the bottom 21 is a circular arc, the distribution of radial stress 
exerted on the part of the tube in contact with the bottom 21 of the groove 
during rolling is equal. Consequently, the tube thickness in the radial 

25 direction can be prevented from becoming uneven, and polygon formation 
can be suppressed at the rolled tube. 

A roll flange portion 23 positioned between the bottom 21 and the 
edge GE of the groove 20 is in a circular arc shape having a radius R2 
larger than the radius Rl. The distance between any arbitrary point on 

30 the surface of the roll flange portion 23 and the rolling direction line RA is 
longer than the radius Rl, and therefore as compared to the case in which 
the entire groove has a circular arc shape around the rolUng direction line 
RA, the load exerted on the tube in contact with the roll flange portion 23 
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can be reduced. In this way, roll edge marks can be suppressed. 

Furthermore, the distance DE between the groove edge GE of the 
roll 11 included in the stand STi and the rolling direction line RA is larger 
than the radius Rl in the groove 20 of the roll included in the preceding 
5 stand STi"l. Therefore, as shown in Fig. 9, a prescribed relief SR (Side 
Relief is formed between the outer circumference of the tube 500 on the 
stand inlet side and the groove edge GE. The outer radius R500 of the part 
of the tube 500 in contact with the periphery of the roll groove edge is 
substantially equal to the radius Rl in the groove of the roll 11 included in 

10 the preceding stage stand STi-1. This is because the part is rolled as it is 
in contact with the groove bottoms 21 of the rolls 11 included in the stand 
STi-1. The distance DE between the groove edge GE of the roll 11 in the 
stand STi and the rolling direction line RA is longer than the radius Rl of 
the roll in the preceding stage STi-1, and therefore a relief SR is formed 

15 between the outer circumference of the tube on the stand inlet side and the 
groove edge GE. This prevents overfilling. 

As in the foregoing, the bottom 21 of the groove 20 has a circular arc 
shape having the radius Rl around the rolling direction line RA, which can 
reduce polygon formation. In addition, the distance between the surface of 

20 the roll flange portion 23 and the rolling direction line RA may be longer 
than the radius Rl, and the distance DB may be larger than the radius Rl 
in the groove 20 of the roll included in the preceding stand, so that edge 
flaws can be suppressed. 

As shown in Fig. 8, at the groove 20 of the roll 11, a tangent 30 on 

25 the end 24 of the bottom 21 matches a tangent 31 on the end 25 of the roll 
flange portion 23 on the side of the bottom 21. In this way, the center 26 of 
the circular arc of the roll flange portion 23 is positioned on an extension of 
the segment 32 on the side of the rolling direction line RAthat connects the 
end 24 of the bottom 21 and the rolling direction line RA. In this way, the 

30 bottom 21 is formed smoothly connected with the roll flange portion 23, and 
therefore the outer surface of the part of the tube in contact with the 
boundary between the bottom 21 and the roll flange portion 23 does not 
have irregularities, which improves the outer diameter size precision of the 
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tube. 

The central angle 91 of the bottom 21 is preferably not less than 50°. 
This is because if the central angle 01 is smaller, the bottom 21 is narrower, 
and therefore uneven thickness is more likely to be generated in the 
5 circumferential direction of the tube. If the ratio of the thickness relative 
to the outer diameter size of the tube is large, in other words, if the ratio of 
thickness/ outer diameter is not less than 14%, the central angle 91 is 
preferably not less than 50**. 

Note that if the distance DE is longer than the radius Rl, the upper 

10 limit for the central angle 91 is not specified. 

According to the embodiment, the roll flange portion 23 has a 
circular arc shape in cross section, but as long as the distance between the 
surface of the roll flange portion 23 and the rolling direction line RA is 
longer than the radius Rl, the shape may be any other shape. For 

15 example, as shown in Fig. 10, the roll flange portion 23 may have a straight 
shape in cross section. In this case, the roll flange portion 23 preferably 
matches the tangent 30 on the end 24 of the bottom 21. In this way, the 
bottom 21 and the roll flange portion 23 may be formed smoothly connected. 
The roll flange portion 23 is in a circular arch shape in cross section and 

20 may have at least two radii of curvature. As shown in Fig. 11, for example, 
the roll flange portion 23 may have a first circular arc part 231 having a 
center 27 on an extension of a segment on the side of the rolling direction 
line RA connecting the end of the bottom and the rolling direction line RA 
and having a radius R2, and a second circular arc part 232 having a center 

25 28 on an extension of a segment on the side of the center 27 connecting the 
end of the arc part 231 and the center 27 and having a radius R3 larger 
than the radius R2. 

As shown in Fig. 12, a corner radius R4 may be provided at the edge 
of the groove 20. In this case, the distance DE between any arbitrary point 

30 on the circular arc with the corner radius R4 and the rolling direction line 
RA is longer than the radius Rl in the grooves of the rolls included in the 
preceding stand. 

Note that among the plurality of stands ST in the reducing mill, the 
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grooves of the rolls included in the last stand STm forms a pass in the 
shape of a circle. In short, the entire groove of the roll has a circular arc 
shape around the rolUng direction line RA in cross section. This is because 
the reduction in the last stand STm is small, and therefore roll edge marks 
5 are not caused if the entire groove is in a circular arc shape. Note that 
grooves of the rolls included in the last stand STm may have the same 
shape as that of the groove 20 described above. 

The reducing mill described above has three rolls in each stand, 
while the invention may be applied to a reducing mill having more than 
10 three rolls. Now, a four-roll reducing mill will be described. 

As with the three-roll reducing mill, the four-roll reducing mill 
includes a plurality of stands STl to STm disposed along the rolling 
direction line RA. 

As shown in Figs. 13 and 14, the plurality of stands STi (i- 2 to m) 
15 each include four rolls 50 disposed at intervals of 90° around the rolling 
direction line RA. The rolls 50 each has a groove 60 in an arch shape in 
cross section and the grooves 60 of the four rolls 50 form a pass shape PA. 

The four rolls 50 included in the stand STi are disposed shifted by 
45°around the rolling direction line RA from the four rolls 50 included in 
20 the preceding stand STi'l. 

The grooves 60 of the rolls 50 included in the stands STI to STm-1 
excluding the last stand STm have an arch shape. Referring to Fig. 15, the 
shape of the groove 60 is the same as that of the groove 20 of the roll 12 
shown in Fig. 8. 

25 More specifically, the bottom 61 of the groove 60 forms a circxilar arc 

having a radius Rl around the rolling direction line RA. In this way, 
polygon formation can be suppressed. A roll flange portion 63 forms an arc 
having a radius R2 larger than the radius Rl. More specifically, the 
distance between the surface of the roll flange portion 63 and the rolling 

30 direction line RA is longer than the radius Rl. The distance DE between 
the edge GE of the groove 60 of the roll included in the stand STi and the 
rolling direction line RA is longer than the radius Rl in the groove of the 
roll included in the stand STi-1. In this way, roll edge marks can be 
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suppressed. Note that a tangent 80 on the end of the bottom 61 matches a 
tangent 81 on the end of the roll flange portion 63 on the side of the bottom 
61. In this case, the center 66 of the circular arc of the roll flange portion 
63 is positioned on an extension of a segment on the side of the rolling 
5 direction line RA that connects the end of the bottom 61 and the rolling 
direction line RA. The bottom 61 is formed smoothly connected with the 
roll flange portion 63, and therefore no irregularities is formed on the outer 
surface of the part of the tube in contact with the boundary between the 
bottom 61 and the roll flange portion 63, which improves the outer diameter 

10 size precision of the tube. 

The central angle 02 of the circular arc of the bottom 61 of the 
groove 60 of the roll 50 is preferably not less than 36°. When the 
thickness/outer diameter size of the tube to be rolled is 16% or more in 
particular, the central angle 02 is set to be not less than 36**, so that polygon 

15 formation can effectively be prevented. Note that if the distance DE is 
longer than the radius Rl, the upper limit for the central angle 02 is not 
specified. 

The invention has been described with reference to the three-roll 
and four-roll reducing mills as examples, while the reducing mill according 
20 to the invention cannot be applied to a two-roll reducing mill. In the two- 
roll reducing mill, the flow of a material (tube) to be subjected to rolling 
process spreads in the widthwise direction more than the case of the three- 
roll or four-roll mill. In short, the two-roll reducing mill is more likely to 
suffer from overfilling. Therefore, the use of rolls having a groove shape 
25 according to the invention for the mill may cause roll edge marks. 
Example 1 

Using a three-roll sizer including seven stands STl to ST7 each 
having rolls in shapes shown in Table 1, a seamless steel tube having an 
outer diameter of 300 mm was rolled, and the rolled tube was examined for 
30 the presence of polygon formation and roll edge marks. 
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The "t3rpe" column in Table 1 indicates the sizer subjected to the 
examination. The "stand No." refers to any of stands STl to ST7 included 
in each type of reducing sizers. 

The sizers of types Tl to T4 each used rolls 11 in the shape shown in 
5 Fig. 8. The radii Rl and R2, the central angle 91, the distance DE, and the 
distance DB between the rolling direction line RA and the center of bottom 
GB in the groove 20 of each of the rolls 11 included in each of the stands 
STl to ST7 were as shown in Table 1. The grooves of the rolls for use in 
the last stand ST7 for the sizers of types Tl, T3, and T4 are each in a 

10 circular arc shape having a radius Rl from the rolling direction line RA. 
More specifically, the pass shape formed by the grooves of the rolls in the 
stand ST7 is in the shape of a circle. 

Note that the "DEi-DBi-i" column in Table 1 indicates whether the 
result of subtraction of the distance DB in each of the rolls included in the 

15 preceding stand STi-1 from the distance DE in each of the rolls included in 
the stand STi is positive or negative. Note that in the "DEi'DBi i" section 
of each of the rolls included in the stand STl indicates whether the result of 
subtraction of the outer radius of the seamless steel tube (150 mm) from the 
distance DE is negative or positive. 

20 The "reduction" column indicates the reduction (%) in each stand 

produced by the following Expression (l). The "Rl/DB" column indicates 
the ratio of the radius Rl relative to the distance DB of each of the rolls 
included in each stand. 

25 Reduction (%) = ((major axis + minor axis of pass shape of stand 

STi-l)"(major axis + minor axis of pass shape of stand STO)/ (major axis + 
minor axis of pass shape of stand STi-l) x 100 --.(l) 

For the sizer of type T5, the rolls 300 as shown in Fig. 3 were used. 
30 Therefore, in the rolls in the stands STl to ST6, the radius Rl/distance DB 
ratio is larger than 1. For the sizers of types T6 and T7, the rolls 200 as 
shown in Fig. 1 were used. The grooves of the rolls used in the last stand 
ST7 in the sizers of types T5 to T7 were each in an arc shape having a 
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radius Rl from the rolling direction line RA. 

1. Examination for Polygon formation and Roll Edge Marks 

By using the sizers of types Tl, T2, and T4 to T7, a seamless steel 

tube having an outer diameter of 300 mm and a thickness of 25 mm was 
5 subjected to hot rolling. More specifically, one seamless steel tube at 

temperatures from 850**C to 900'C on the outlet side of the sizers of the 

types was rolled. 

The elongated seamless steel tube was examined for the 
presence/absence of polygon formation and roll edge marks. More 

10 specifically, one cross section was sampled in the longitudinal center of the 
seamless steel tube. The sampled cross section was measured for 
thickness using a micrometer. More specifically, referring to Fig. 2, in the 
sample, the thickness TA of a part PI in contact with the bottom of the 
groove of each of the rolls in each of the stands of the sizer and the 

15 thickness TB in a location shifted by SO^'around the rolling direction line 
from the measuring position of the thickness TA were measured. The 
average values TAave and TBave of the measured values TA and TB were 
obtained, and the polygon formation ratio PF (%) was obtained from 
Expression (2)- 

20 

PF = (TBave-TAave)/ {(TBave+TAave)/2} X 100 (%) ...(2) 

When the obtained polygon formation ratio PF was not less than 
3.0%, it was determined that internal angulation was caused. 
25 Meanwhile, roll edge marks were visually examined. More 

specifically, the occurrence of roll edge mark was determined based on the 
presence of overfilling in the longitudinal direction of the seamless steel 
tube. 

The result of examination is given in Table 2. 
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Table 2 



type 


polygon formation 
ratio PF(%) 


roU edged 
marks 


Tl 


0.7 


absent 


T2 


0.3 


absent 


T4 


0.5 


present 


T5 


3.9 


absent 


T6 


6.2 


absent 


T7 


2.9 


present 



As shown in Table 2, pipes or tubes rolled using the sizers of t5T)es 
5 Tl and T2 according to inventive examples were free from the polygon 
formation and roll edge marks. Meanwhile, with the sizer of type T4, since 
the residt of DEi-DBi-i was negative, roll edge marks considered to have 
been caused by overfilling were observed. With the sizers of types T5 and 
T6, Rl/DB is larger than 1 and therefore polygon formation was generated. 
10 With the sizer of type T7, since the result of DEi-DBi-i was negative, there 
were roll edge marks. 

2. Examination for Polygon formation Using Tubes Different in 
Thickness 

Seamless steel tubes having outer diameters and thickness shown 
15 in Table 3 were rolled using sizers of the types shown in Table 3. 



Table 3 



test No. 


metal tube before rolling 


roU group 
type 


polygon 
formation ratio 
PF 

(%) 


outer 
diameter 
(mm) 


thickness 

(mm) 


thickness/ outer 
diameter (%) 


1 


300 


15 


5.0 


Tl 


0.5 


2 


300 


15 


5.0 


T2 


0.3 


3 


300 


15 


5.0 


T3 


0.9 


4 


300 


43 


14.3 


Tl 


0.8 


5 


300 


43 


14.3 


T2 


0.6 


6 


300 


43 


14.3 


T3 


1.8 



The temperature of the seamless tubes during the rolling was firom 
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SSO^'C to lOOCC on the sizer outlet side. The rolled tubes were examined 
for polygon formation ratio by the same method as that described in the 
above section 1. 

As shown in Table 3, the polygon formation ratios for all the test 
numbers were less than 3.0%. However, when a seamless steel tube 
having a thickness of 43 mm was rolled, and the polygon formation ratio of 
the tube rolled using a sizer of type T3 whose central angle 91 was less than 
50° was higher than the polygon formation ratios of the tubes rolled using 
the sizers of types Tl and T2. Stated differently, when a tube having a 
ratio of thickness/outer diameter more than 14% was rolled, and the central 
angle 91 of the bottom of the groove of the roll was not less than 50°, the 
occurrence of polygon formation was more efficiently suppressed. Note 
that roll edge marks were not generated for any of the test numbers. 

Example 2 

Using a four-roll sizer including eight stands STl to ST8 having 
rolls in shapes shown in Table 4, a seamless steel tube was rolled, and the 
tube was examined for polygon formation and roll edge marks. 
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The items in Table 4 are the same as those in Table 1. Rolls 50 in 
the shape shown in Fig. 15 were used for sizers of types T8 to Til. 

Rolls 400 in the shape shown in Fig. 16 were used for the sizer of 
type T12. The shape of the groove of the roll 400 was the same as that of 
5 the roll 300 in Fig. 3. In the rolls in the stands STl to ST7, the radius 
Rl/distance DB was larger than 1. Rolls 600 in the shape shown in Fig. 17 
were used for the sizer of tjrpes T13 and T14. The shape of the groove of 
the roll 600 was the same as that of the roll 200 in Fig. 1. 

The grooves of the rolls for use in the last stand ST8 in the sizers of 
10 tjrpes T8 to T14 were in a circular arc shape having a radius Rl around the 
rolling direction line RA. The pass shape formed by the rolls was a circle 
around the rolling direction line RA. 

1. Examination for Polygon formation and Roll Edge Marks 

With the sizers of types T8, T9, and Til to T14, one high frequency 
15 ERW (Electric Resistance Welded) tube having an outer diameter of 25 mm 
and a thickness of 2 mm was subjected to cold rolling. In order to 
eliminate the hardness difference between the welded part of the ERW tube 
and the base material, the ERW tube was thermally treated. 

After the rolling, the polygon formation ratio of the ERW tube was 
20 obtained similarly to Example 1. As shown in Fig. 18, the thickness TA of 
the part PI of the sample in contact with the bottom of each of the grooves 
of the rolls in each stand of the sizer and the thickness TB of the part in a 
position shifted by 22.5° around the rolling direction line RA &om the 
measurement position of the thickness TA were measured, and the polygon 
25 formation ratio PF (%) represented by Expression 2 was obtained. 
Similarly to Example 1, when the polygon formation ratio PF was not less 
than 3,0%, it was determined that polygon formation was generated. The 
presence/absence of roll edge marks were determined by the same method 
as that according to Example 1. 
30 The examination result is shown in Table 5. 
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Table 5 



type 


polygon formation 
ratio PF(%) 


roU edge marks 


T8 


0.7 


absent 


T9 


0.4 


absent 


Til 


0.6 


present 


T12 


4.1 


absent 


T13 


5.5 


absent 


T14 


2.7 


present 



ERW tubes rolled through the sizers of types T8 and T9 according to 
the inventive examples did not have polygon formation and roll edge marks. 
5 Meanwhile with the sizer of type Til, the result of DEi'DBi i was negative, 
and therefore there were roll edge marks. With the sizers of types T12 and 
T13, Rl/B was larger than 1, and therefore polygon formation was caused. 
With the sizer of type T14, the result of DEi'DBi-i was negative, and 
therefore there were roll edge marks. 
10 2. Examination of Tubes Different in Thickness for Polygon 

formation 

ERW tubes having outer diameters and thickness shown in Table 6 
were rolled through sizers of t3T)es shown in Table 6. The ERW tubes were 
thermally treated in advance as with the case described in the above section 
15 1. The polygon formation ratio was obtained for the rolled ERW tubes. 



Table 6 



test No. 


metal tube before rolling 


roll group 
type 


polygon 
formation ratio 
PF (%) 


outer 
diameter 
(mm) 


thickness 
(mm) 


thickness/ 
outer 
diameter(%) 


7 


25 


1.5 


6.0 


T8 


0.4 


8 


25 


1.5 


6.0 


T9 


0.2 


9 


25 


1.5 


6.0 


TIO 


0.8 


10 


25 


4.0 


16.0 


T8 


0.8 


11 


25 


4.0 


16.0 


T9 


0.5 


12 


25 


4.0 


16.0 


TIO 


1.7 



The result of examination is given in Table 6. The polygon 
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formation ratio was less than 3.0% for all the test numbers. However, 
when the ERW tube having a thickness of 4.0 mm was rolled through the 
sizer of type TIO whose central angle 92 was less than 36^, the restating 
polygon formation ratio was higher than those of the tubes rolled through 
the sizers of types T8 and T9. Stated differently, when an ERW tube 
whose thickness/outer diameter ratio was not less than 16% was rolled, and 
the central angle 92 of the bottom of the groove of the roll was not less than 
36°, the polygon formation was effectively suppressed. Note that roll edge 
marks were not caused for any of the test numbers. 

The embodiments of the present invention have been shown and 
described simply by way of illustrating the invention. Therefore, the 
invention is not limited to the embodiments described above and various 
modifications may be made therein without departing from the scope of the 
invention. 



■ 23 ■ 



